Abstract: Local public transport companies provide important mobility services to the general public. Although these services are usually subsidised, companies rely on revenues generated by ticket sales. Therefore, fare evasion (i.e., people using a transport service without paying for it) and ticket forgery (the production of an illegal ticket facsimile) have considerable influence on the companies' economic sustainability. As existing research regarding the economic perspective is limited, this paper presents a Delphi study that investigates the phenomena with a survey of experts in public transport companies and transport associations in Germany, Austria, and Switzerland. The findings of the survey provide insights into the overall perception and discuss relevant aspects of both fare evasion and ticket forgery, thereby not only highlighting practical implications, but also helping policy makers shape adequate policies for public transport in societies.
Introduction
Public transport companies are the backbone of urban transport networks and provide important mobility services to the general public. As these services are of great importance to the vast majority of people, provincial and state governments are normally responsible for financing infrastructure networks and-at least in part-for the maintenance of the services. However, the use of public transport services is usually not free of charge for passengers. Although tariffs are frequently subsidised, revenues generated by ticket sales are an important source of income for transport companies and make a significant contribution to keeping the system financially viable [1] [2] [3] [4] . The problems of fare evasion (free-riding, fare dodging or toll fraud; i.e., people using a transport service without paying for it) and ticket forgery (ticket fraud, ticket falsification; i.e., the production of an illegal ticket facsimile) are, of course, not new to transport industries [5, 6] . Due to technological advances (on the part of suppliers as well as the passengers), these phenomena seem to be developing as well [2, 7] . Different approaches to ticket control, electronic ticketing, a rise in propensity to violence, an increase in poverty or better copying machines are but a few of the impact factors which render the problem more and more serious and thereby threaten transport companies' economic sustainability [8, 9] . While passengers are, in general, rather insensitive to changes in prices or payment systems and much more sensitive to changes in travel time and service improvements [10] , the losses caused by fare dodging and ticket fraud are substantial [3] . Thus, transport companies need to react to recent developments if they want to avoid a considerable loss of income at present and in the future [4] .
Fare Evasion and Ticket Forgery as Threats to the Financial Sustainability
Whereas ticket forgery is generally regarded as a serious crime, a surprising number of people see free-riding as a relatively trivial offence. Yet, both result in a substantial loss of income for local public transport service providers [3] . Nevertheless, ticket forgery is driven by large-scale gain while the core motive for free-riding tends to be of an individual nature. Indeed, there are also cases where a transport user forgets to buy or validate a ticket, or the holder of a ticket mistakes its validity (regarding period or area of validity or other ticket conditions) and uses it falsely, unintentionally becoming a free-rider. A deliberate free-rider, in contrast, decides not to pay for a service in order to save the fare-usually calculating the risk of being detected and fined-thereby obtaining a personal benefit. The majority of free-riders, therefore, are focused on their personal advantage and do not involve others in their actions. This is even the case for "professional" fare-dodgers, who generally refrain from buying tickets or weigh the sum of ticket prices for a particular period of time against the sum of fines probably payable during that period, thus maximising their expected utility [26] . Other reasons may also include psychological motives (e.g., the thrill of not being caught, to fool staff or to exploit the state). Finally, it is important to note that not all free-riders are equal. There is evidence that personal characteristics as well as the passenger's company have a significant influence on whether somebody holds a valid ticket or not [27, 28] .
In contrast, ticket forgery principally involves a higher degree of criminal intent and energy. It not only implies the omission of a payment ("non-action") but the dedicated investment of time and effort. In fact, the severity can vary, depending on the actual circumstances of the case (e.g., a ticket regularly bought is used twice if, for instance, the imprinter's stamp for the first ride was too light and thus the second stamp conceals the first one, compared with a criminal organisation breaking into ticket machines and stealing rolls of original ticket paper in order to commit professional forgery). Technologies employed by specialised criminal groups are sometimes very sophisticated and thus the detection of these crimes is not easy. According to unofficial reports of company representatives, some attempts have only been revealed because of a typing error in the advertisement on the reverse side of the ticket or because of unvaried serial numbers. Thus, there is practically no qualitative information on ticket forgery-understandably a very sensitive topic for transport companies-and statistical data is generally not available. However, a clear aggravation can be noticed as the mere resale of used tickets persists and professionals trade manipulated or forged tickets more frequently [29, 30] . Major crimes are still rare, but do exist. Recently, Italian customs and police seized a container arriving from China to discover 28 million Euros' worth of forged tickets from Rome's Central Station to the capital's airport, Fiumiciono [31] .
Unfortunately, few statistics about the actual development of fare evasion and ticket forgery are publicly available [6, 15] , in particular in a German, Austrian or Swiss context. It also seems that there is no 'general trend' but rather a strong connection between a city's individual parameters and the attempts and approaches of local public transport companies to deter fare evasion. Very few figures can be found on fare controls and the resulting free-riding quota. Thus, only some spotlights can be presented here.
For Vienna, the municipal public transport company Wiener Linien has provided figures showing a downward tendency in the rate of detected free-riders, from 4.55% in 2004 to 3.04% in the first few months of 2010 [32] . In the period from January to March 2012, the rate was down to 2.96%. However, ticket controls have almost doubled since 2005, showing that this reduction comes at a cost. Effective from May 2012, a substantial reform of ticket prices was implemented and the penalty fee for not being able to present a valid ticket rose from 70 to 100 Euros [33] .
According to a survey conducted by the journal WirtschaftsWoche, the situation in Germany is quite similar ( Table 1) . The free-rider rate ranges from 0.6 to 6.0%. The income loss for the 35 largest cities' public transport companies amounts to €120 million (regardless of the costs for controls). According to estimates by the Association of German Transport Companies (VDV), the income loss in Germany could be as high as €350 million per year [34] . For Italy, a loss of around €450 million has been estimated; however, it seems likely that there is also a substantial number of unreported cases [3, 28] . It is therefore essential to control evasion and to implement enforcement strategies actively [35] . In this respect, dedicated action is needed; however, as Welsh and Farrington [36] state in their review of the costs and benefits of situational crime prevention, only little is known about the economic value of related strategies. From the transport companies' point of view, wrongdoing of all kinds and grades of severity have to be fought equally, as minor offences occur much more frequently and thus result in significant cumulative financial damage, while even a single severe crime can entail substantial losses. All forms of fare evasion or ticket fraud are more or less unacceptable as they undermine honest passengers' integrity and illegally take advantage of a service not paid for. Approaches and technologies designed to prevent free-riding are very different and also depend on whether it is believed that the local public transport system should be kept open or closed [2, 37, 38] .
In an open access system, there are no ticket controls when entering a station or boarding a vehicle. Instead, local public transport companies usually conduct frequent ticket inspections with either uniformed or plain-clothed staff. Sometimes large-scale controls with police support are carried out at large hubs. In closed systems, access is controlled by staff (mostly bus drivers) selling and inspecting tickets [39] . In Berlin, the introduction of this system in 2004 resulted in a significant reduction of fare-dodgers on buses from 4.5% to 1.6%. Passengers' acceptance was high and there were no operating problems or longer travel times [40] . However, an increase in critical incidents and violent conflicts was reported [41] . Aggressive behaviour among passengers, against staff in general and against ticket inspectors in particular, is a severe problem. However, by increasing the "human factor", i.e., the number of staff as well as co-operation with police and security staff, it is possible to reduce both aggressive behaviour and fare dodging significantly [2] . This is partly due to the increased probability of being punished [42] while there is also a trade-off between the probability and the magnitude of the fine [43] . Personal ticket inspections are critical situations which consist of complex processes that need to be taken seriously by corporate management in order to best reach the intended goals [44, 45] .
An alternative to personal controls are physical or technical barriers like turnstiles, automatic gates or doors, etc. Depending on the type of ticket used, a distinction between mechanical and electronic systems can be made. In mechanical systems, the ticket has to be inserted into a card-reading device where it is checked, whereas electronic systems use contactless Radio-frequency identification (RFID) smartcards [46] which do not need physical contact with the facility (check-in/check-out). Using RFID technology has several advantages. Firstly, while these are still 'closed' systems, they can be designed like open ones (be in/be out), as there is basically no need for physical barriers like turnstiles. They thus combine the benefits of both systems, since even closed systems still need personal inspections as barriers can be surmounted [2, 39, 47] . Moreover, electronic systems are also very effective in terms of marketing, sales and ticketing, since they capture data which can then be used for transport planning and service adjustments as well as for statistics and performance measurements [48] .
To conclude, it can be observed that despite growing literature about fare evasion and ticket forgery in public transport [4, 42, 44, [49] [50] [51] [52] , there has been rather little research so far on this topic with practical relevance, particularly from an economic perspective [7] .
Method
The name of the Delphi method refers to the ancient oracle of Delphi and is associated with predictions and forecasts. The first modern applications of the Delphi technique date back to the 1940s, where it was employed to predict the results of dog or horse races. Later, the method was developed further and used by the US-based RAND corporation for military purposes [53] [54] [55] . During the next decades, the broad acceptance of the method also led to further developments, different forms and areas of application as well as methodological discussions. While there is still no clear definition of the method, Häder [53] lists several characteristics and requirements which appear to be crucial for the definition of the classical method and are fulfilled in most applications, based on an extensive literature review: (1) the use of a formalised questionnaire; (2) an expert survey; (3) the anonymity of individual responses; (4) the determination of a statistical group response; (5) feedback to the participants about this group response; (6) (multiple) repetition(s) of the survey according to this scheme. However, there have been heated debates about variants and applications [56] [57] [58] [59] [60] . Indeed, perhaps a Delphi study should be conducted in order to reach a consensus on how to conduct a Delphi study. An attempt to develop a typology was made by Strauss and Zeigler [61] , who stated there were three types of Delphi studies: numeric (aiming to specify a single or minimum range of numeric estimates or forecasts); policy (to define answers to current or anticipated policy problems); and historic (determining the issues which were causal for a certain decision in the past or alternatives to that decision). Despite a lack of consensus as to how to conduct a study, researchers are in agreement that the method can be employed in order to determine the opinion of a group of experts on a certain problem or phenomenon.
Consequently, the Delphi analysis has also been used quite frequently in the field of transport research, [62] [63] [64] [65] [66] [67] . This study conducted a Delphi analysis on the subject of fare evasion and ticket forgery in public transport by sending out two rounds of surveys to experts in a representative number of public transport companies and transport associations in Austria, Germany and the German-speaking part of Switzerland.
At the beginning of the project, several general research questions (RQ) were developed which were then operationalised for the actual questionnaire:
What are the reasons and drivers of fare evasion and ticket forgery? What are the motives of people committing these offenses and what is the perspective of the general public? • RQ2: How serious are the phenomena of fare evasion and ticket forgery for the transport companies and how will they develop in the future? • RQ3: What are the most effective measures against fare evasion and ticket forgery? How can electronic ticketing contribute to the fight against these phenomena?
Questionnaire Development
On the basis of these research questions, a questionnaire (The questionnaire is available upon request) was developed which was not only intended to serve as an instrument to gather the experts' views, but also to ask them to put themselves in the position of free-riders and ticket forgers. With this change of perspectives, we intended to get a broader view and to encourage experts to consider as much information as possible. In addition to the multi-round approach of the Delphi method, it was hoped that this would encourage the development of cognitive processes and help respondents to give accurate answers.
The questionnaire consisted of 17 partly open, partly closed questions, some with sub-questions. 12 questions were related to free-riding, four to ticket fraud and one question was more general (see Figure 1) . We addressed the experts' overall perception of the phenomena; its development over time; passengers' motives; measures and technologies to prevent and curtail free-riding and ticket fraud; penalties; estimated revenue losses; related legal regulations; the social aspects of ticket inspections; the acceptance of inspections by paying passengers; and whether using a transport service without paying is seen as trivial offence or as a serious crime. Before the questionnaires were sent out, the wording was discussed with an expert in qualitative research and a pre-test was performed. The research design stipulated two waves of surveys by email, followed by a third round in the form of a non-public internet forum. This was officially entitled the "transmission of results" to the experts, but it also gave them one more opportunity to actively comment on these results. As another incentive to review them, the results were first provided exclusively to the panel. The questionnaire was sent out as a Microsoft Word document which was tested for various versions of the program. This procedure was preferred to an online questionnaire as it was assumed that a file can be saved on a laptop or in printed form and the respondent does not necessarily need to be online when giving the answers. This was supposed to encourage more thoughtful, considered responses and made it possible to fill out the questionnaire not only in the office but also somewhere else. For the final round, an active internet connection was needed. On the basis of these research questions, a questionnaire (The questionnaire is available upon request) was developed which was not only intended to serve as an instrument to gather the experts' views, but also to ask them to put themselves in the position of free-riders and ticket forgers. With this change of perspectives, we intended to get a broader view and to encourage experts to consider as much information as possible. In addition to the multi-round approach of the Delphi method, it was hoped that this would encourage the development of cognitive processes and help respondents to give accurate answers.
The questionnaire consisted of 17 partly open, partly closed questions, some with sub-questions. 12 questions were related to free-riding, four to ticket fraud and one question was more general (see Figure 1) . We addressed the experts' overall perception of the phenomena; its development over time; passengers' motives; measures and technologies to prevent and curtail free-riding and ticket fraud; penalties; estimated revenue losses; related legal regulations; the social aspects of ticket inspections; the acceptance of inspections by paying passengers; and whether using a transport service without paying is seen as trivial offence or as a serious crime. Before the questionnaires were sent out, the wording was discussed with an expert in qualitative research and a pre-test was performed. The research design stipulated two waves of surveys by email, followed by a third round in the form of a non-public internet forum. This was officially entitled the "transmission of results" to the experts, but it also gave them one more opportunity to actively comment on these results. As another incentive to review them, the results were first provided exclusively to the panel. The questionnaire was sent out as a Microsoft Word document which was tested for various versions of the program. This procedure was preferred to an online questionnaire as it was assumed that a file can be saved on a laptop or in printed form and the respondent does not necessarily need to be online when giving the answers. This was supposed to encourage more thoughtful, considered responses and made it possible to fill out the questionnaire not only in the office but also somewhere else. For the final round, an active internet connection was needed. To cover the German-speaking part of Europe in the best possible way, the panel was composed as follows. In principle, all persons involved or with some expertise in the field of research would suit the panel's requirements. In order to have some central criteria when selecting the experts, all major public transport companies and public transport associations (Verkehrsverbünde) in all cities with 100,000 or more inhabitants in Germany, Austria and the German-speaking part of Switzerland, as well in all federal state capitals, were contacted. The contacts were taken from a database compiled at the Institute for Transport and Logistics Management for the purpose of the study comprising all To cover the German-speaking part of Europe in the best possible way, the panel was composed as follows. In principle, all persons involved or with some expertise in the field of research would suit the panel's requirements. In order to have some central criteria when selecting the experts, all major public transport companies and public transport associations (Verkehrsverbünde) in all cities with 100,000 or more inhabitants in Germany, Austria and the German-speaking part of Switzerland, as well in all federal state capitals, were contacted. The contacts were taken from a database compiled at the Institute for Transport and Logistics Management for the purpose of the study comprising all relevant public transport companies and transport associations in the respective region. In order to identify the expert in charge of the research topic, the companies were contacted by mail and/or telephone.
Delphi Study: Three Rounds Participation
The first round started in April 2011. In total, a wave of 327 questionnaires were sent out by email accompanied by a cover letter signed by the head of the institute and the project manager asking for co-operation. The initial response in the ten-day period foreseen was rather low. After a reminder by mail, 23 questionnaires were returned. Another round of reminders where randomly chosen experts were approached by telephone and asked to participate in the study led to a total of 31 responses by the beginning of June 2011 (three from Switzerland, 10 from Austria and 18 from Germany), representing an overall response rate of about 10%, which was considered acceptable. The returned answers were analysed and the 'average' answer was compiled to be sent out in round two. Answers to open questions deviating extremely from the group answer were listed separately. Finally, the questionnaire for the second wave was prepared. The group response was inserted below the questions where the respondents could state whether they agree completely, partly or not at all with the statement. If they did not agree completely, they were asked to explain why.
In the second round, all 31 experts who answered to the questionnaire of round one were contacted by mail in February 2012 and invited to participate again in round two. As contact details were available from the first wave, direct mails and telephone calls could be used to remind the respondents. In the end, 24 of the 31 initial experts completed and returned their questionnaires.
Moreover, the monitoring group also tried to involve new participants in the survey. Thus, 286 additional companies from the database were contacted at the end of February and the beginning of March 2012. By either sending mail or calling the experts directly, an additional 24 experts could be found. In total, 55 (31+24) experts participated in at least one of the rounds, of which 14 were from Austrian companies, 32 German and 9 Swiss (Table 2) . This approach might be criticised as classical Delphi studies would not extend the panel after round one. In principle, one core advantage of a Delphi study lies in the fact that by reconsidering the group answer in the following round, the experts will consider a broader basis of information. However, after some methodological discussions in the monitoring team and with experts in qualitative research, we decided to continue with the planned expansion of the group of experts, as we believed that:
(1) a new group would approach the study in an equally sincere/serious manner, as they would need to scrutinise the group answers from the previous round before being able to offer their own opinions; (2) a broader review could open ways to new information which could then be reconsidered in round three and would strengthen the results; (3) from a pragmatic and practical perspective, the disposition to take part in the survey would be greater for experts if the effort associated with it were reduced; (4) the information gained would outweigh the limitations of having some new experts in the panel of the second round, particularly as the new group opinion could still be discussed-and if necessary revised-in round three. On average, 62.7% of the experts participating in round two agreed completely with the group answer, 21.5% agreed partly and only 4.3% not at all. The average non-response rate per question was only 4.9%.
For the third round, an internet forum was prepared and a dedicated thread (discussion) was opened for each question, which included the "average" answer from round two. The forum was open to the participants of the first two rounds. Additionally, it was password-protected, with each expert being assigned a unique user-ID and password, thus ensuring that only persons who had already participated in the previous phases could post comments on the group answer for round two. A particularly beneficial characteristic of round three is that it was "adaptive", i.e., new postings could be posted in response to previous statements. Furthermore, since these still took place in an anonymous environment, it was possible for online discussions to emerge.
Results
In the following sections, the findings of the three rounds are presented and discussed.
Characteristics and (Past and Future) Development of Free-Riding
The experts emphasised that a clear distinction has to be made between people choosing deliberately to evade the fare and those who do not hold a valid ticket by mistake. The latter occurs, for instance, if somebody misunderstands the tariff and buys a wrong ticket for the journey. Free-riding is more common in central areas than in the periphery. However, dense city regions cannot be comprehensively covered by inspections and thus the frequency of controls is lower and the free-rider quota larger. Many people still regard fare dodging as a minor offence or lack the understanding that it is unlawful and disadvantageous for the general public. Many free-riders also disregard the fact that more free-riding results in higher ticket prices and hence the other passengers have to pay for the services they consume. Some passengers even like the challenge of not being trapped and simply seek the thrill.
There is consensus in the panel that more intensive controls help to reduce free-riding; the simple presence of ticket inspectors leads to a higher rate of compliance. In bus services, the obligation to board the vehicle at the front door where the driver inspects the ticket is seen as a very effective measure where there is experience of it. However, it can lead to delays in operations at peak times. A second problem is the rising propensity to violence and the resulting verbal or even physical attacks against staff.
Another means to reduce fare evasion and ticket forgery would be the broad introduction of electronic ticketing and a significant increase in its usage. This would also help to combat ticket forgery, which happens in both the small sense (e.g., the manipulation of a ticket's validity date) and on a large scale. In total, however, ticket forgery is nowhere near as common as free-riding.
In regard to the reasons for free-riding, the general economic situation is frequently blamed. However, tariffs are usually socially balanced, at least to a certain extent, thus negating any effects in this respect. Furthermore, if this were true, a higher rate of free-riding should be noticed in socio-economically disadvantaged areas, which is not the case. Thus, individual motives seem to be stronger than general economic ones, although obviously one's own personal economic situation and saving the fare is of course an important reason for not paying.
Regarding the future development of this phenomenon, about one half of the panel expects the rate of free-riding to rise in future, while most of the other experts believe it will remain constant and only very few foresee a fall.
Reasons for and against Free-Riding from the Passengers' Perspective
On the basis of the general statements above, the main reasons for committing fare evasion from the passengers' perspective lies in too lax controls and too low penalties (particularly in Germany, where the amount is determined by law at a rather low level of €40, compared with Vienna, where it is €100). Due to the lack of controls, it may seem economically rational to save the cost of a ticket. Occasionally, people rate the fare as too high and regard the service as having a poor price-performance ratio, especially on short rides or when they perceive the service quality as being substandard. Passing on tickets (transmittable, poorly identified or personal) and small manipulations also save money. Again, as a result of complicated tariffs, people may buy a wrong ticket by mistake or simply forget to buy or validate their ticket. All in all, there are no clear groups of free-riders according to their income, social status or gender, etc. The main reasons why people decide against free-riding include the embarrassment of being fined, the damage to their image, a bad conscience, and the amount of the fines.
Measures against Free-Riding
Much can be done to prevent fare evasion. The most effective measure is to intensify inspections, to perform mass controls at large transfer stations or to cover a certain area where it is hard to bypass the inspections. A greater presence of staff already reduces the number of fare evaders. Penalties should be significantly raised, particularly in cases of deliberate manipulations, forgery and for repeat offenders. However, if they were too high, some would be unpayable, and many people would count on the inspectors' kindness. In most cases, the receipts will (or even must) not cover the costs, so, with the exception of a few urban areas, ticket inspection is not a source of profit. Therefore, some companies have outsourced this task to external contractors, causing an administrative burden as this requires a public EU-wide tender. A positive effect of ticket inspectors is the presence of staff which gives passengers an impression of service and security. Announcements of controls could help, but there is no agreement on that point.
On the technical side, there are several measures. For paper tickets, the paper used should have different security features like holograms, special imprints, barcodes, serial numbers, etc. From time to time, the kind/type of paper should be changed, as should the other security features. Once more, it was pointed out that electronic ticketing-not yet common in the surveyed area-would be effective but at the same time very costly due to large investments and the administrative burden this would involve. Barriers and particularly the front access to buses have positive effects but can also cause problems.
Rather simple measures which are expected to have a strong impact would be a more transparent and easily comprehensible tariff scheme, image campaigns, a rise in awareness and people's values and of course a better quality of service. All in all, a mixture of measures including intensified controls, transparent and simple tariffs as well as adequate penalties seems the best way to prevent free-riding.
Strengths and Weaknesses of Different Control Systems

•
Mechanical checkpoints with turnstiles
Mechanical barriers yield a coverage and check rate of almost 100%. Human errors are virtually impossible. On the downside, they require a completely closed system and huge investments; are space consuming; slow down passenger flows; can be a barrier for persons with reduced mobility; and can even be dangerous and fatal in case of emergencies when a station needs to be evacuated quickly. Additionally, staff need to be present at the stations to handle breakdowns and malfunctions and to monitor the proper use of the devices. Hence, the systems can only be used efficiently in urban areas for rail or underground services and not on buses or most trams.
• Electronic systems
Electronic systems-while costly as well-would be a good alternative in many respects. These systems work faster and can be contactless. Tickets are almost forgery-proof and the data collected electronically can be used for market research purposes. There is still a lack of experience in this area, particularly regarding information about free-riders. Barriers, devices and chipcards require substantial investments which are still not wholeheartedly accepted due to the fact that systems are not seen as fully developed. There is less fear of ticket fraud but more of system breakdowns and resulting revenue losses. It is also doubtful as to whether the systems are sufficiently transparent for passengers who want to be sure that they have the correct ticket with them. An advantage in this context is of course the electronic processing enabling the implementation of best price schemes.
•
Controls by staff
At present, this is by far the most common option in the region covered by our research. Controls can be arranged and managed flexibly; staff represent service, security and the best means of deterrence. However, personnel costs are significant; hence, comprehensive controls are mostly not possible. Verbal insults or attacks by passengers have to be considered. Because of technical progress and a lack of time, inspectors may not detect all forged tickets. Of course, human control staff are also subject to inconsistent practices.
Financial Damage (In Terms of Revenue Loss Measures against Free-Riding)
In the first round, estimates of the financial damage resulting from fare evasion varied between 1.5% and 15% of revenues with a mean value of 4.1% and a median and modal value of 3%. In the second round, the results were closer together. In Austria, the estimates lie between 1% and 10% (mean: 4.5%); in Germany, between 1% and 6% (mean: 3%); and in Switzerland, between 1% and 15% (mean: 5%). Where the rate of pupils' transports is higher, there is a lower free-rider quota. Unfortunately, many companies did not respond despite the guarantee of anonymity.
Effects of Electronic Ticketing
Although in some places, such systems are already operational, experts lack experience with electronic ticketing systems. Accidental free-riding could be reduced as the validity of the ticket could be tested beforehand electronically and the amount deducted after the ride according to the distance travelled. An effect on deliberate free-riders is widely doubted. If such a system were to be cracked by hackers, the damage per case would be expected to be rather high. As the introduction is costly, it is crucial to calculate the benefits thoroughly beforehand.
For passengers, an electronic system offers various advantages. It offers pre-and post-price procedures together with best price schemes, and stolen cards can be immediately blocked and identified. Electronic tickets can be easily combined with front door access in buses where the driver can survey the proper use. Nevertheless, staff is needed, requiring special training and devices for ticket inspection purposes.
Penalties and Processes of Control
In Germany the amount is determined by law at €40 which is mostly regarded as too low by German experts. Still, no increases are foreseen and industry attempts in this respect have failed. In Austria, fines between €55 and €138.20 were reported, while in Switzerland, the penalties reported range between CHF 55 (€45.63) and CHF 150 (€124.45). The experts recommended a gradual increase for repeat offenders. In cases of ticket forgery, which is considered a crime, it is mandatory to file a charge. Sometimes this could also be helpful for multiple offences.
The behaviour of passengers is an important aspect to the processes of controlling and penalising. Verbal insults and even attacks against staff by illicit as well as paying passengers-many of them juvenile-seem to increase in urban regions. Controls accompanied by police are performed sometimes but are not frequent as there is often a lack of resources on the police side. Staff are frequently trained in de-escalation strategies and patrol in teams.
Goodwill in cases of "accidental" free-riding is at the inspector's discretion. Although some experts consider the legislation and judicature to be clear, others would like to see legal clarifications on the right of ticket inspectors to detain someone who fails to present a valid ticket in order to verify the person's identity and address.
Announcement of Controls
Announcing controls via the media (mostly the radio and internet) is rare and there are very diverging opinions on that point. The experts generally agreed that announcements should neither suggest that all people are free-riders nor help passengers evade the fare. If controls are announced, they also need to be conducted in order to stay credible. A raise of morale could be one effect. However, while people will buy tickets for lines where inspections are foreseen, the opposite may happen elsewhere. Consequently, not all inspections should be revealed; instead, it could be an option to publish controls and results afterwards. Announcements are not seen as advertisements for public transport or the service providers as the latter should focus on timetables, services and the positive environmental effects rather than on ticket inspections. Many experts consider announcements absurd and nonsense. The use of social networks where groups inform people about places, lines and vehicles where controls are ongoing should be prohibited by law.
Illegal Controls by Unauthorised Persons
The rather new phenomenon that people pretend to be authorised ticket inspectors is known to the experts but is very rare. As inspecting staff are usually known to the vehicle drivers, such attempts only occur in longer trains and on lines with a high proportion of tourists as well as in urban areas.
The Paying Passengers' View
Experts could rate on an 11 point Likert scale (ranging from 0 to 10) whether they think that paying passengers feel disturbed by controls (where 0 meant "strongly disturbed" and 10 "not at all disturbed"). Both rounds had quite similar results with an average of 7.7 for the first round (n = 29) and 7.5 for the second round (n = 44). This means that companies assume that passengers with valid tickets have quite a bit of understanding for controls but also feel disturbed to a small extent.
An identical scale was used in order to rate whether paying passengers regard inspections as legitimate (with 0 representing "completely legitimate" and 10 "not at all legitimate"). Again, the results were similar in both rounds one and two. In round one the mean value was 2.0 (n = 29), while in round two it was 0.9 (n = 44). This is a clear statement that experts think passengers who pay properly for their rides regard ticket controls as legitimate measures by transport service providers.
A third question about the passengers' view addressed the experts' opinions as to whether passengers regard fare evasion as a minor offence (value of 0 on the scale) or as a serious crime (value of 10). Here, the experts' assumptions about passengers' perceptions yielded a mean value of 3.8 for round one (n = 29) and 3.7 for round 2 (n = 44). Thus, experts think that passengers consider fare dodging as somewhat immoral but do not see it as a major crime.
Characteristics and (Past and Future) Development of Ticket Fraud and Forgery
The problem of ticket fraud (manipulations or forged tickets)-still small-is rather restricted to urban areas. Some experts see a rising trend; this view, however, is not shared by others. The manipulation of school, student and other regular season tickets is frequent in some parts of the region under research. Much effort is put into forgery-proof technologies but over the years, security features have also been faked. The only way to prevent this is by regularly changing the tickets' characteristics (which is of course easier for e-tickets).
For paper tickets, an increasing number of forgeries on original paper was reported by the experts but was questioned in the second round as experts stated the effort which has to be invested does not pay off. Again, frequent changes to ticket layouts, imprints, etc. could help, but in many cases, this is not practical. A complete backtracking of paper rolls is essential and inevitable. Falsifications and forgeries are becoming more professional; ticket inspectors are thus often unable to detect them in the short time they spend looking at the ticket if they do not use electronic checking devices. Furthermore, the photos on personalised tickets are often too small to immediately recognise if the person presenting the ticket is the same as the one on the photo. Another problem are online print-at-home-tickets, as their validity can only be checked using a barcode scanner. The financial damage caused by ticket forgery is marginal and negligible at present.
Secure Electronic Ticketing
In addition to what has already been said about e-ticketing, coding and security features are of particular importance. So far there has been little experience and hence also a lack of expertise on the subject. Most experts are sure that ticket forgery can be deterred significantly by electronic tickets. For inspection, an electronic check is inevitable, and a mere visual inspection is insufficient in this respect. Furthermore, passengers need to have the opportunity to check the ticket themselves in order to ensure the transparency of credits, transfers, validity, etc. At the same time, there is the fear that electronic systems will not be immune to criminal acts in the long run, either.
Local Public Transport for Free
One strategy could-in principle-immediately resolve the problem of free-riding and ticket fraud; namely, if local public transport was offered free of charge to everyone. The survey also raised this point eventually.
There is a general rejection of this concept. Where such approaches have been tested, they have failed to increase passenger volumes and the modal shift towards public transport to the desired extent. The experts deem it best if the user of a service also has to pay for it as there is a general belief that things offered free of charge have no value. Another problem could result in a higher rate of vandalism, soiling and littering.
In any case, such a system could work only if it was financed by the state, which would then automatically result in higher taxes. A general tax for public transport used for financing the system could be an option, which would have the advantage of a rise in passengers to a certain extent, a lower burden for the environment and a complete elimination of ticketing and sales and all the administrative processes associated with these. However, it might be difficult to define the border between local, regional and intercity services. From the companies' standpoint, service quality would suffer as there would be no incentive to maintain or improve it, to succeed in a market or to attract passengers. Hence, this approach would be highly unrealistic.
The matter remains a political question, but some experts proposed alternatives which they consider more effective; namely, lowering ticket prices to equal fuel prices or to significantly raise the service quality. Another approach could be to introduce a simple and clearly understandable fare concept applied equally in many regions and transport associations, which would reduce barriers that often deter persons who are not frequent users of local public transport.
Conclusions
The Delphi analysis provided a very detailed and differentiated view on two problems of local public transport companies-fare evasion and ticket fraud-which both threaten the revenue basis of these companies. Free-riding, of course, is by far the larger and more frequent problem but the manipulation, falsification and forgery of tickets also occur, even if they turn out to be of minor importance.
The best strategy to fight these offences is to intensify controls, ideally performed by ticket inspectors. This is in line with the findings of Bonfanti and Wagenknecht [3] stating that the human factor is crucial for reducing aggression and fare evasion. As a side effect, staff present at stations and in vehicles gives passengers a feeling of service and security, as also argued by Levinson and Odlyzko [2] . Controls of tickets are regarded as legitimate by paying passengers and the disturbance to them is limited. Raising service quality in general could also have positive effects on free-riding as sometimes people do not perceive a corresponding value for money. Other motives for fare evasion are protest, the thrill of not being caught and-most importantly-an attempt to save the fare.
Electronic ticketing, though quite costly, would probably have a good effect and would be also attractive to regular customers. In these cases, an international standard should be used, such as the "core application", which is the standard of the Association of German Transport Companies (VDV) or the "ITSO Specification", the UK technical standard for interoperable smart ticketing.
Passengers would prefer simple, understandable and transparent systems enabling integrated seamless travel. If-in the e-ticketing world-a separate ticket for every city or region is required, considerable potential for progress is lost. Instead of the well-known discussion and conflicts between individual (motorised) and public transport attempts, it would be much wiser to create gateways between the systems and modes. A smartcard could thus be an effective tool as it could open doors towards park and ride systems, car sharing, and taxi services, to name some quite obvious functions. There is also the important insight that it is not only the price that counts but the quality offered by the transport company which also matters. People are willing to pay a higher price if they perceive adequate value in exchange. To conclude, there should be a clear focus on an attractive overall system offering mobility services of high quality and in the way the customer needs them. This would also be the best way to establish a sustainable transport system which would serve the economic needs of the transport companies, the social aspect and the protection of the environment simultaneously.
This paper contributed to the body of knowledge in two ways: First, it provided a comprehensive and coherent overview about the public transport regarding fare evasion as well as ticket forgery, thereby not only presenting results and solutions with practical relevance, but also discussing the impacts on economic sustainability. Second, by identifying and defining the characteristics and drivers of fare evasion and ticket forgery and their implications, this paper provides a practical foundation to guide policy makers to shape the right policies for public transport in German, Austrian and Swiss societies.
More research in this field is needed. As this study is limited to Germany, Austria and Switzerland, a comparison with other countries would provide opportunities for further research, particularly from an economic perspective. These could include in-depth qualitative and quantitative studies on passengers' motives, strategies and behaviour, as well as an economic assessment of alternative measures to combat fare evasion and ticket fraud with a focus on associated costs and benefits.
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